Introduction
The term 'Abortion' is applied to many complications of early pregnancy, and it is important to be clear on terminology. In 2005, the European Society of Human Reproduction and Embryology (ESHRE) introduced a revised terminology regarding early pregnancy events (1) . A pregnancy loss that occurs after a positive urinary human chorionic gonadotropin (hCG) or a raised serum β-hCG but before ultrasound or histological verification is defined as a 'biochemical loss'. In general, these occur before 6 weeks of gestation. The term clinical miscarriage is used when ultrasound examination or histological evidence has confirmed that an intrauterine pregnancy has existed. Clinical miscarriages may be subdivided into early clinical pregnancy losses (before gestational week 12) and late clinical pregnancy losses (gestational weeks 12 to 21). There is no consensus on the number of pregnancy losses needed to fulfill the criteria for recurrent Abortion (RA), but ESHRE guidelines define RA as three or more consecutive pregnancy losses before 22 weeks of gestation (2). Although the above-mentioned terminology is widely used, it is also acknowledged that it is not always clinically useful. Indeed, a recent paper has proposed classification according to developmental periods in gestation (3) .
One percent to 5% of pregnant women with recurrent abortions (RA) of which 40%-55% are induced by unknown causes (4) (5) (6) . Known etiologic factors of RA are parental chromosome abnormalities, uterine abnormalities, hereditary thrombophilia, endocrinologic disorders, immunologic factors, infections, and nutritional and environmental factors (7) .
Vascular endothelial growth factor (VEGF) induces endothelial cell proliferation and migration, enhances vascular permeability, reduces endothelial cell apoptosis and promotes stromal proteolysis (8) . The VEGF family includes placenta growth factor, VEGF-A, VEGF-B, VEGF-C, VEGF-D, and VEGF-E. VEGF A is the most potent angiogenic factors.
VEGF plays an important role in fetal and placental angiogenic development. VEGF also plays a major role in oocyte maturation, embryo implantation/ development, decidualized endometrial vascularization and placenta angiogenesis/ vascularization in early gestation (9) . In early pregnancy, the status of chorionic villi vascularization is related to embryonic development, and reduced placental trophoblastic VEGF level has been described in the decidual endothelium of spontaneous miscarriages (10) . Several VEGF polymorphisms have been reported to affect VEGF activity and expression (11, 12) .
Various studies have investigated the association of VEGF gene polymorphisms with diseases in which angiogenesis plays a major role in pathogenesis, such as diabetic retinopathy (11) , renal cell carcinoma (13) , acute renal allograft rejection (14) , malignant melanoma (15) and other malignancies (16, 17) . The results, however, were mixed. It is reported that VEGF A -2578 AA genotype is a risk factor and -2578 CC genotype is a protective factor for myocardial infarction (18) . A relationship between VEGF gene and breast cancer was reported in different studies. Accordingly, the TT genotype for +936C/T polymorphism reduces breast cancer risk (16) . In different studies, a relationship between VEGF -1154G/A, -2578C/A, + 936C/T polymorphisms and recurrent pregnancy loss were reported (8, 19) .
Abortion etiology is still mostly unknown, but genetic factors are the most effective group. We hypothesized that VEGF polymorphisms in fetal genotype could be risk factors for spontaneous abortion and analyzed -1154G/ A, -2578C/ A, -634C/ G and -936C/ T polymorphisms in Egyptian Women.
II. Material and method
The study participants included 100 female cases with a history of 2 or more events of recurrent abortion (spontaneous abortion, miscarriage or still birth). Their mean age ± SD was 28.5 ± 5.91 years. Seventy three (73%) cases had a history of recurrent early abortions, 8 (8%) had a history of late abortions and the other 19 (19%) cases had a history of both early and late abortions. Two (2%) were diabetic, 24 (24%) had a history of passive smoking, three (3%) were hypertensive and 22 cases (22%) had a positive ELISA test for TORCH infection (Toxoplasma Gondii, Rubella, Cytomegalovirus, Herpes Simplex) manifested by high levels of corresponding antibodies. These cases were compared to other 100 subjects who were clinically healthy unrelated women with at least one previous uneventful pregnancy, taken as a control group. Their mean age ± SD was 29 ± 6.8 years. Peripheral blood was collected from the subjects in 2-mL EDTA tubes, and genomic DNA was isolated using a Puregene DNA isolation kit. To determine the polymorphisms 1154G/A, 2578 C/A, 634 C/G, and 936 C/T, genomic DNA was amplified using the primers
and (F5`-AAGGAAGAGGAGACTCTGCGC-3`) (R5`-TATGTGGGTGGGTGTGTCTACAG-3`). The PCR conditions were as follows: 5 min at 95°C, followed by 35 cycles of denaturation at 94°C for 45 s annealing at 60°C for 45 s, extension at 72°C, and a final extension at 72°C for 7 min (Table 1 ). The PCR products were detected on a 2% agarose gel. Afterwards, the PCR products were digested with the restriction enzymes MnII, BgIII, BsfmI, and NIaII, and the digested products were detected on a 3% Ethidium bromide agarose gel. 
III. Result
The VEGF genotype and allele frequencies of the control and RA groups are shown in (Table 2) for the four VEGF polymorphisms. The genotype distribution of each polymorphism in the patients and controls was in Hardy-Weinberg equilibrium.
The genotype analysis and statistical results for VEGF -2578 C/A, -1154G/A, -634 C/G and -936 C/T are presented in table 2. In all statistical analyses, we performed four different comparisons:
VEGF -2578 C/A polymorphism and RA risk:
C/C, 55% were heterozygous C/A and 15% were homozygous A/A. Among the 100 controls analyzed 66% were C/C, 34% were C/A and 0%were A/A. The C allele frequency was 0.57 in patients and 0.83 in controls and that of A was 0.42 and 0.17 in patients and controls respectively. The distribution of genotypes in patients and controls was in Hardy-Weinberg equilibrium ( Table 2 ). The frequencies of the heterozygotes were significantly higher in both cases and controls suggesting that there could be selection operating in the population for this gene. With C/C as the reference genotype, the OR (95%CI) for heterozygosity and homozygosity of A allele was determined. Significant difference was observed in the VEGF C/A genotypes between RA cases and controls, suggesting the association of VEGF C/A genotype and risk for RA (OR-2.37; 95% CI 1.34 -4.20) The logistic regression analysis after adjusting for age also revealed a significant association of VEGF and RA.
VEGF -1154 G/A polymorphism and RA risk:
The adjusted odds ratio (AOR) value of the GA genotype for the GG genotype of the -1154G>A polymorphism (Table 2 ) was significant trend between the patients with RA and the controls. The overall (GA+AA) frequency was also marginally significantly different between the controls and patients with RA.
VEGF -634 C/G polymorphism and RA risk:
The adjusted odds ratio (AOR) value of the CG genotype for the CC genotype of the -634C>G polymorphism (Table 2 ) was significant trend between the patients with RA and the controls.(AOR) value of the GG genotype for the CC genotype was highly significant trend between the patients with RA and Controls .
VEGF -936 C/T polymorphism and RA risk:
The genotype frequency of 936C>T polymorphism (Table 2 ) was not significant trend between the patients with RA and the controls.
Table 2: Genotype frequencies of VEGF -2578C/A, -1154G/A, -634G/C and -936C/T polymorphisms in
Egyptian women with recurrent abortion and in controls. 
IV. Discussion
Recurrent abortion (RA) has been associated with multiple causes, but in almost half of the cases, etiologies remain unknown. It is defined as the loss of three or more consecutive pregnancies prior to the 20th week of gestation and affects 5% of couples (20, 21) . Several studies suggest that gene poly-morphisms encoding for different mediators may represent a susceptibility factor for unexplained RA.
VEGF has important roles in vascular permeability and angiogenesis, and regulates multiple endothelial cell functions. VEGF induces endothelial cell proliferation, migration and differentiation, and stimulates endothelial cell survival. Depending on its angiogenic and mitogenic properties, VEGF is important in embryonic development. The human placenta is rich in angiogenic factors such as VEGF, which plays an important role not only in forming placental vessels, but also in maternal vascular adaptation to pregnancy. In the placenta, vasculogenesis, the de novo synthesis of new blood vessels, accounts for the majority of new vessel formation during the first trimester, and is initially observed around day 21 post-coitum (22) .
In this study, we studied VEGF -2578 C/A, -1154G/A, -634 C/G and -936 C/T relation with recurrent abortion risk.
This study revealed a statistically significant difference higher frequency of homozygous mutant genotype (AA) of VEGF C2578A gen among cases compared to control, manifested by very high odds ratio [OR= 2.18, P=<0.001].
Also, there is a statistically significant difference lower frequency of normal wild genotype (CC) in VEGF C2578A gene among cases compared to controls [OR= 0.22, P=<0.001].
Also this study revealed a statistically significant difference higher frequency of the over all of (GA) + (AA) of VEGF G1154A gen among cases compared to control, manifested by very high odds ratio [OR= 2.63, P=<0.002].
Also, there is a statistically significant difference lower frequency of normal wild genotype (GG) in VEGF G1154A gene among cases compared to controls [OR= 0.38, P=<0.002].
And also this study revealed a statistically significant difference higher frequency of homozygous mutant genotype (GG) of VEGF C634G gen among cases compared to control, manifested by very high odds ratio [OR= 20.28 Ethnic heterogeneity is a key contributor to genetic association studies, including those on the association of VEGFA variant with RA, exemplified by the association of −963C/T with RSA in North Indians (23) and Greeks (24), but not in Brazilians (25) or Koreans (26) .
In addition, the lack of association of RA with both −634G/C and+963C/T was reminiscent of Brazilian (27) , Greek (24) and Korean (26) studies, but in disagreement with the studies on North Indians (23) where an association between RA and both VEGF variants was reported.
VEGF−1154G/A was not associated with RA among Bahraini women, in agreement with a recent study on Chinese Han women (28) , and a large meta-analysis involving 2813 cases and 2830 controls (29) . In contrast, studies on Koreans (26) and Caucasians (30) indicated association between−1154G/A and RA risk, and homozygosity of VEGF −1154 A/A gene was described to serve as a susceptibility factor affecting the outcome of recurrent implantation failure (31) .
In addition, a small meta-analysis involving four eligible studies totaling 534 patients and 430 control women concluded that −1154G/A was significantly and consistently associated with RA, with OR (95% CI) values of 1.51 (1.13-2.03) (32) .
These differences may be due to the result of differences in sample size, inclusion and exclusion criteria, as well as due to ethnic difference in -1154G/A genotype distribution, exemplified by the finding that polymorphism is less frequent among Chinese than Caucasians (24, 30) .
Samli et al studied VEGF-1154 G/A, -2578 C/A, and -936 C/T polymorphisms in 38 recurrent pregnancy loss (RPL) patients and 30 controls. They reported a relationship between -1154 G/A polymorphism and RPL and proposed that miscarriages would be due to VEGF's importance in placental angiogenesis (33) .
Sinem Atik Yalcintepe et al studied VEGF A −936 C/T, -2578 C/A polymorphisms in relation with spontaneous abortion risk. VEGF A −936 C/T genotype and the T allele are risk factors in fetal genome according to comparisons made with their mothers and healthy control group genotypes. VEGF A -2578 C/A polymorphism was not found to be a risk factor for spontaneous abortion (34).
V. Conclusion
Recurrent abortion among Egyptian women was strongly associated with the mutations related to VEGF gene polymorphism. Characteristically, these cases showed high frequencies of VEGF C2578A, G1154A, and C634G mutation. Interestingly, VEGF C2578A, G1154A, and C634G mutation frequencies were relatively higher among cases with recurrent abortion than VEGF C936T.
For this reason we have to recommend, * Routine screening for recurrent abortion mutations for all Egyptian pregnant women in order to setup an appropriate method of prophylaxis against recurrent abortion disorder. * Population screening for VEGF C2578A, G1154A, and C634G carriers for detection of susceptible individuals to whom adequate programs can be implemented to prevent recurrent abortion.
